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Objective 


The  objective  of  this  portion  of  the  Improved  High  Hard  Armor 
Steel  Program  is  to  establish  a  database  that  is  automated  and 
capable  of  being  remotely  linked  to  the  Combat  Systems  Test 
Activity's  (CSTA)  host  computer  system  to  access  on-line  ballistic 
test  results  and  supporting  data.  Accordingly,  the  results  of  all 
ballistic  tests  performed  at  CSTA  would  then  be  readily  accessible. 
The  database  will  be  created  and  used  initially  as  a  repository 
for  MIL-A-46100  Steel  Armor  Ballistic  Data.  The  database  design 
will  be  sufficiently  generic  so  as  to  be  able  to  accommodate  all 
armor  materials  (Steel,  Aluminum,  Titanium,  etc.). 


Introduction 


This  Technical  Report  (TR)  is  one  of  three  (3)  TR's  to  be 
generated  as  subtasks  under  the  "Development  of  an  Improved  High 
Hard  Armor  Steel  (MIL-A-46100)"  project  funded  by  the  PM, 
Survivability  (TACOM) .  These  three  subtasks  will  be  subsequently 
summarized  in  one  overall  report.  This  TR  is  the  first  of  a  set 
which  explains  the  development  of  the  database  but  the  analysis  of 
the  generated  data  will  be  published  in  the  overall  report  under 
the  same  title  as  the  project. 


Discussion 


An  Armor  Steel  Database  has  been  established  to  function  as  a 
data  repository  for  MIL-A-46100  (reference  1)  steel  ballistically 
tested  by  the  U.S.  Army  Combat  Systems  Test  Activity  (CSTA)  and  to 
improve  the  accessibility  and  ease  of  analysis  of  the  ballistic 
data.  The  ballistic  testing  of  high  hardness  armor  plate  in 
accordance  with  MIL-A-46100  requires  armor  plates  whose  thicknesses 
fall  within  pre-specif ied  thickness  ranges  to  be  ballistically 
tested  using  thickness-range-dependent  test  projectiles  and  target 
obliquities.  Table  1  lists  the  required  ballistic  projectiles  with 
respect  to  plate  thickness.  Accordingly,  the  Armor  Database  has 
been  designed  to  reflect  this  dependence  of  armor  plate  thickness 
range  upon  a  specific  test  projectile  by  defining  its  key  index 
field  to  be  essentially  test  projectile  dependent. 
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TABLE  1 


MIL  SPEC  MIL-A-46100  REVISIONS  C  AMD  2  &  D 

TABLE  OF  REQUIRED  ARMOR  PLATE  THICKNESS  RANGES 

AS  A  FUNCTION  OF  PROJECTILE  CALIBER 

PROJECTILE 

[CALIBER] 

OBLIQUITY 

[DEGREES] 

THICKNESS  RANGE 
[INCHES] 

CAL  0.30  AP  M2 

30 

0.125-0.315 

CAL  0.50  AP  M2 

30 

0.316-0.590 

14.5  MM  API  B32 

30 

0.591-0.765 

14.5  MM  API  BS41 

30 

0.766-1.065 

20  MM  API-T  M602 

0 

1.066-2.100 

A  modular  approach  was  employed  in  the  development  of  the 
database  structure.  The  database  structure  is  comprised  of  the 
following  six  (6)  major  database  modules: 

1.  ARL/MD  ID  &  MIL  Spec  Attributes 

2.  Plate  Production  History 

3.  Materials  Properties 

4.  Ballistic  Performance 

5.  Chemical  Compositions 

6.  Target  Damage  Assessments 

Each  of  these  major  database  modules  are,  in  turn,  further 
subdivided  into  their  respective  database  structural  elements. 

In  the  current  context,  the  term  database  element  is  used 
synonymously  with  the  database  term  database  field.  The 
integration  of  these  database  structural  elements  into  their 
respective  database  modules  to  form  a  complete  database  structure 
is  shown  in  Table  2 .  A  complete  database  structure  exists  for  each 
of  the  five  (5)  test  projectiles  listed  in  Table  1.  The  database 
elements  associated  with  the  first  five  database  modules  in  Table 
2  represent  fifty-three  (53)  database  fields.  These  elements  are 
currently  available  from  the  TAC  forms  (MIL-STD-367 ,  Format  I) 
supplied  by  industry  when  requesting  ballistic  testing. 


TABLE  2 


MIL-A-46100  STEEL  ARMOR  DATABASE 
DATABASE  STRUCTURAL  ELEMENTS 


1  ARL/MD  ID  &  MIL  SPEC 
ATTRIBUTES 

4  BALLISTIC  PERFORMANCE 

*  ARL/MD  ID  ATTRIBUTES 

*  TEST  PURPOSE 

**  PROJECTILE  DIAMETER 

*  SAMPLE  PRIMARY /RETEST 

**  PROJECTILE  TYPE 

*  FIRING  RECORD 

**  PROJECTILE  SIZE  UNIT 

*  FIRING  DATE 

OF  MEASUREMENT 

*  FAIL  FIRING  RECORD 

*  MIL  SPEC  NUMBER 

*  TEST  (SHOT  AGGREGATE) 

*  MIL  SPEC  REVISION 

*  PROJECTILE 

*  MIL  SPEC  AMENDMENT 

*  OBLIQUITY 

*  MIL  SPEC  MATERIALS  CLASS 

*  PLATE  THICKNESS 

2  PLATE  PRODUCTION  HISTORY 

*  REQUIRED  V50  VELOCITY 

*  PRODUCER 

*  ACTUAL  V50  VELOCITY 

*  FABRICATOR 

*  PASS/FAIL 

*  HEAT  TREATER 

*  PASS/ FAIL  VELOCITY  DIFF 

*  HEAT  NUMBER 

5  CHEMICAL  COMPOSITIONS 

*  LOT  NUMBER 

*C  *MN  *SI  *NI  *CR 

*  PRODUCER  PLATE  NUMBER 

*MO  *V  *B  *CU  *P 

3  MATERIALS  PROPERTIES 

*S  *ZR  *AL  *TI  *SB 

*  PLATE  THICKNESS 

*AS  *SN  *PB  *N  *0 

*  FIATE  HARDNESS 

*H  *CB  *C0 

*  DI  INDEX  (HARDENABILITY) 

6  TARGET  DAMAGE  ASSESSMENTS 

*  CHARPY  LT 

*  SHOT  VELOCITY 

*  CHARPY  TL 

*  SHOT  RESULT 

*  CHARPY  HARDNESS 

*  SHOT  BULGE 

*  TEMPERATURE  (AUSTENITIZING) 

*  SHOT  SPALLING 

*  SHOT  CRACKING 

*  SHOT  PLUGGING 

*  SHOT  PETALLING 
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The  sixth  module,  Target  Damage  Assessments,  contains  seven 
(7)  database  fields  which  are  associated  with  each  constituent  test 
shot  of  the  test  shot  aggregate  required  to  determine  the  V50 
protection  ballistic  limit,  BL(P) ,  afforded  by  the  armor  plate 
being  tested.  Module  6  is  capable  of  accommodating  target  damage 
assessment  data  for  up  to  tventy-eight  (28)  individual  test  shots 
for  a  total  of  one  hundred  ninety-six  (196)  [28x7]  database  fields. 
Thus,  a  six  (6)  module  database  structure  comprising  two  hundred 
forty-nine  (249)  database  fields  exists  for  each  of  the  five  (5) 
test  projectiles.  Module  6  represents  a  newly  ARL/MD  initiated 
enlargement  of  the  data  acquisition  process  by  the  U.S.  Army  Combat 
Systems  Test  Activity.  The  data  associated  with  Module  6  will  not 
be  included  in  this  TR  because  it  is  not  currently  recorded  by 
CSTA.  Once  CSTA  completes  its  effort  to  automate  their  ballistic 
ranges  all  this  information  will  be  available  for  analysis.  The 
field  attributes  of  Module  6  are  shown  in  Table  3. 


TABLE  3 


MIL-A-46100  STEEL  ARMOR  DATABASE 

TARGET  DAMAGE  ASSESSMENT  FIELDS 

FOR  EACH  SHOT  VELOCITY 

FIELD  NAME 

FIELD  UNITS 

FIELD  ENTRY 

SHOT  VELOCITY 

[FT/ SEC] 

VELOCITY  VALUE 

SHOT  RESULT 

[ PARTI AL/ COMPLETE ] 

'P'  OR  ’C' 

SHOT  BULGE 

[YES/NO] 

'Y'  OR  'N' 

SHOT  SPALLING 

[YES/NO] 

'Y'  OR  'N' 

SHOT  CRACKING 

[YES/NO] 

'Y'  OR  'N' 

SHOT  PLUGGING 

[YES/NO] 

'Y'  OR  'N' 

SHOT  PETALLING 

[YES/NO] 

'Y'  OR  'N" 

The  current  contents  of  the  MIL-A-46100  Steel  Armor  Database 
also  includes  data  previously  published  in  Reference  2  and  for 
clarification,  henceforth,  will  be  referred  to  as  old  data. 
Recently  acquired,  non-published  data,  which  is  being  included  in 
this  report  in  Appendix  I,  will  be  referred  to  as  the  new  data. 
The  individual  database  contents  for  the  old  data  and  new  data  are 
summarized  in  Tables  4  and  5,  respectively.  It  should  be  noted 
that  the  old  data  covers  the  MIL-A-46100  steel  armor  data 
associated  with  only  two  test  projectiles  and  spans  a  significantly 
larger  date  range  or  time  span  than  for  the  new  data  case.  The 
combination  of  the  old  and  new  data  represent  eight  hundred  ninety- 
five  (895)  individual  plates.  The  manual  input  of  the  new  data 
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was  temporarily  suspended  (March  1992)  pending  the  implementation 
(by  CSTA)  of  a  direct  access  capability  of  their  automated 
ballistic  range  by  a  remotely  sicuated  computer  system.  This  was 
done  to  reduce  the  volume  and  size  of  this  report  without 
jeopardizing  as  an  example  what  is  contained  in  the  database,  that 
is,  the  various  fields  of  information.  Also,  it  was  decided  that 
the  required  time  and  manpower  to  manually  load  all  of  the  data 
from  the  TAG  Forms  and  ballistic  records  would  be  excessive. 
Please  note  that  the  purpose  of  this  portion  of  the  effort  is  to 
create  the  structure  of  the  database  and  the  mechanisms  required 
for  direct  linkage  to  CSTA's  computer  system  for  accessing  on-line 
ballistic  test  results  and  supporting  data. 

The  MIL-A-46100  Steel  Armor  Database  is  located  on  a  single- 
user  microcomputer  system  possessing  a  CS3  Level  Accreditation 
to  permit  the  processing  of  classified  information  up  to  a  SECRET 
level.  The  devices  and  device  attributes  of  the  computer  hardware 
comprising  this  microcomputer  system  is  shown  in  Table  6. 
Similarly,  the  products  and  product  attributes  of  the  computer 
software  installed  on  this  microcomputer  system  is  shown  in  Table 
7.  Regarding  the  system  software,  only  those  software  products 
which  were  used  for  this  program  have  been  listed.  It  should  also 
be  noted  that  this  microcomputer  system  possesses  adequate  data 
communications  capabilities  to  permit  the  efficient  transfer  of 
ballistic  data  between  the  U.S.  Army  Combat  Systems  Activity  and 
the  U.S.  Army  Research  Laboratory  Materials  Directorate  currently 
situated  at  Watertown,  Massachusetts.  The  administrative  arrange¬ 
ments  have  been  completed  to  permit  the  occurrence  of  this  data 
transfer. 
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TABLE  4 


MIL-A-46100  STEEL  ARMOR  DATABASE 
DATABASE  CONTENTS* 


PROJECTILE 

OBL 

DATE 

RANGE 

[MO-YR] 

THICK 

RANGE 

[IN] 

DATA 

REC 

[NUM] 

CAL  0.30  AP  M2 

30 

N/A 

N/A 

N/A 

CAL  0.50  AP  M2 

30 

N/A 

N/A 

N/A 

14.5  MM  API  B32 

30 

N/A 

N/A 

N/A 

14.5  MM  API  BS41 

30 

MAY  84-OCT  90 

0.759-1.061 

169 

20  MM  API-T  M602 

0 

JUL  85-OCT  90 

1.083-1.978 

356 

*OLD  DATA  (REFERENCE  2) 

REC  TOTAL: 

525 

TABLE  5 


MIL-A-46100  STEEL  ARMOR  DATABASE 

DATABASE  CONTENTS* 

DATE 

THICK 

DATA 

RANGE 

RANGE 

REC 

PROJECTILE 

OBL 

[MO-YR] 

[IN] 

[NUM] 

CAL  0.30  AP  M2 

30 

OCT  90-FEB  92 

0.170-0.306 

92 

CAL  0.50  AP  M2 

30 

OCT  90-FEB  92 

0.267-0.591 

64 

14.5  MM  API  B32 

30 

OCT  90-MAR  92 

0.572-0.766 

36 

14.5  MM  API  BS41 

30 

OCT  90-MAR  92 

0.754-1.023 

82 

20  MM  API-T  M602 

0 

OCT  90-MAR  92 

1.088-2.014 

96 

*NEW  DATA 

REC  TOTAL: 

370 
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TABLE  6 


MIL-A-46100  STEEL  ARMOR  DATABASE 
i-lICROCOMPUTER  HARDWARE 

Dr^/TCE 

DEVICE  ATTRIBUTES 

IBM  PS/2  MODEL  80  MICROCOMPUTER 

PROCESSOR:  INTEL  80386 

MATH  CO-PROCESSOR: 

INTEL  80387 

20  MHZ  PROCESSING  SPEED 

115  MB  HARD  DRIVE 

16  MB  RANDOM  ACCESS  MEMORY 

DUAL  3.5-IN  1.44  MB  DISKETTE 
DRIVES 

PORTS:  3  SERIAL,  2  PARALLEL 

101-KEY  ENHANCED  KEYBOARD 

IBM  MODEL  8514  COLOR  DISPLAY 

1024  X  768  RESOLUTION 

LOGITECH  PS/2  MOUSEMAN  MOUSE 

3  BUTTON  BUS  TYPE 

IOMEGA  DUAL  90  PRO  BERNOULLI 

DUAL  5.25-IN  90  MB  DISK 

DRIVES 

90  MB  REMOVABLE  DISK  MEDIA 

180  MB  COMPRESSED  STORAGE  PER 
DISK 

HP  MODEL  7475A  PLOTTER 

6  PENS 

C.ITOH  MODEL  CI-3500  PRINTER 

PRINT  SPEED:  350  CPS  DRAFT 

87.5  CPS  LQ 

HP  MODEL  LASERJET  4  PRINTER 

PRINT  SPEED:  8  PPM 

RESOLUTION:  600  DPI 

HAYES  SMARTMODEM  2400  MODEM 

COMM  SPEED:  2400  BPS 

CONNECTIVITY:  DIRECT  DIAL-UP 

ARL-WATERTOWN  LOCAL-AREA-NET¬ 
WORK 

COMM  SPEED:  9600  BPS 

CONNECTIVITY:  UNISYS  MINI 

DDN  EMAIL:  VIA  UNISYS  MINI 

TABLE  7 


MIL-A-46100  STEEL  ARMOR  DATABASE 

MICROCOMPUTER  SOFTWARE 

PRODUCT 

PRODUCT  ATTRIBUTES 

IBM  PC/DOS  5.0  OPERATING  SYSTEM 

LOTUS  1-2-3  3.1  SPREADSHEET 

3-D  SPREADSHEET  ANALYSIS 

DATABASE  MANAGEMENT  SYSTEM 

8,192  ROW  X  256  COLUMN  GRID 

PER  WORKSHEET 

UP  TO  256  WORKSHEETS  PER 

3-D  MULTIPLE-SHEET  FILE 

MULTIPLE  WORKSHEET  FILES  IN 
MEMORY  (SINGLE/MULTIPLE 
WORKSHEET  FILE  TYPES) 

GRAPHICAL  ANALYSIS 

FUNK  SIDEWAYS  2.0 

LOTUS  1-2-3  3.1  ADD-IN 

90  DEGREE  ROTATION  OF  DATA¬ 
BASE  REPORTS 

LIMITLESS  WIDTH  DATABASE 
REPORTS 

3-D  VISIONS  GRAFTOOL  3.3 

SCIENTIFIC  GRAPHICAL  ANALYSIS 

MANUGISTICS  STATGRAPHICS  +6.0 

STATISTICAL  ANALYSIS 

DCA  CROSSTALK  MK.4  2.0.1 

DATA  COMMUNICATIONS 

The  characteristics  of  Database  Module  1,  labelled  'ARL/MD  ID 
&  MIL  SPEC  ATTRIBUTES'  and  defined  in  Table  2,  will  now  be  further 
amplified.  The  label  'ARL/MD  ID  ATTRIBUTES  'is  used  to  designate 
an  arbitrarily  defined  eight  (8)  character,  alphanumeric,  key-field 
(index)  identifier  which  inherently  encodes: 

1.  Projectile  Diameter  -  Characters  1  and  2 

[1-9]  Character  1 

[0-9]  Character  2 

2.  Projectile  Type  -  Character  3 

[A-Z]  where  a  single  letter  denotes  a  member  of  a 
projectile  family  possessing  the  same  projectile 
diameter 

3.  Projectile  Size  Unit  of  Measurement  -  Character  4. 

'C'  for  English  Units  [IN] 

'M'  for  Metric  Units  [MM] 

4.  Database  Record  Number  -  Characters  5-8 

[0-9]  Character  5  [0-9]  Character  6 

[0-9]  Character  7  [0-9]  Character  8 

This  approach  will  now  be  illustrated  by  the  following 
examples  of  key-field  entries  in  the  MIL-A-46100  Steel  Armor 
Database. 

*  30AC0001  -  CAL  0.30  AP  M2  PROJECTILE,  RECORD  1 

*  50AC0010  -  CAL  0.50  AP  M2  PROJECTILE,  RECORD  10 

*  14AM0020  -  14.5  MM  API  B32  PROJECTILE,  RECORD  20 

*  14BM0030  -  14.5  MM  API  BS41  PROJECTILE,  RECORD  30 

*  20AM0040  -  20  MM  API-T  M602  PROJECTILE,  RECORD  40 

The  label  'MIL  SPEC  ATTRIBUTES'  associated  with  Database 
Module  1  (Table  2)  has  been  defined  to  include  the  following 
fields: 

1.  MIL  SPEC  NUMBER 

2-  MIL  SPEC  REVISION 

3.  MIL  SPEC  AMENDMENT 

4.  MIL  SPEC  MATERIALS  CLASS 

Although  MIL  SPEC  MIL-A-46100  is  the  sole  specification 
included  in  this  database,  the  database  design  approach  to  Database 
Module  1  was  to  make  this  module  as  generic  as  possible  to  permit 
the  extension  of  this  approach  to  the  possible  creation  of 
additional  databases  pertaining  to  any  other  pertinent  Military 
Specif ications . 
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The  database  contents  of  the  new  data  associated  with  each  of 
the  five  (5)  test  projectiles  associated  with  MIL-A-46100  have  been 
printed  out  modularly  in  the  following  four  (4)  parts  and  included 
in  Appendix  I  of  this  document. 


1.  DATABASE  MODULE  1:  ARL/MD  ID  &  MIL  SPEC  ATTRIBUTES 
DATABASE  MODULE  2:  PLATE  PRODUCTION  HISTORY 

2.  DATABASE  MODULE  3:  MATERIALS  PROPERTIES 

3.  DATABASE  MODULE  4:  BALLISTIC  PERFORMANCE 

4.  DATABASE  MODULE  5:  CHEMICAL  COMPOSITIONS 
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Conclusions 


An  Armor  Steel  database  has  been  designed,  populated,  and  used 
for  the  analysis  of  MIL-A-46100  steel  ballistically  tested  by  the 
U.S.  Army  Combat  Systems  Test  Activity  (CSTA) .  This  database  is 
situated  on  a  single-user,  stand-a-lone,  microcomputer  system  which 
is  capable  of  being  linked  to  a  remotely-situated  CSTA  host 
computer  system.  As  discussed  previously  this  linkage  has  not  been 
completed.  Once  completed  (linkage)  the  database  will  be  updated 
on  a  continuous  basis.  All  requests  for  data/comparisons  via  this 
database  should  be  sent  through  the  PM  Survivability  to  ARL/MD. 
Please  note  that  the  data  is  company  sensitive  and  all  non¬ 
government  requests  will  be  honored  for  data  associated  only  with 
the  requesting  company. 


Recommendations 


*  Continue  effort  to  get  CSTA  on-line  with  an  automated 
ballistic  range  so  that  all  the  data  generated  can  be 
electronically  transferred. 

*  Instruct  the  producers,  etc.  to  completely  utilize  the 
required  MIL-STD-367,  Format  I  when  requesting  ballistic  testing  of 
MIL-A-46100  armor  steel. 

*  Authorize  CSTA  the  ability  to  return  or  deny  requests  for 
ballistic  acceptance  testing  if  the  required  Format  I  of  MIL-STD- 
367  is  not  fully  and  accurately  completed  and  signed-off  by  the 
appropriate  government  agency. 

*  Update  MIL-STD-367,  Format  I  to  include  the  tempering 
temperature . 
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APPENDIX  I 


Appendix  I  contains  the  hardcopy  database  reports  representing 
the  contents  of  the  MIL-A-46100  Steel  Armor  Database  (The  producers 
and  the  fabricators  were  removed  for  distribution  purposes  only.)* 
The  report  format  for  each  of  the  five  (5)  projectiles  is  as 
follows: 


REPORT 

1: 

DATABASE 

DATABASE 

MODULE  1: 
MODULE  2 

REPORT 

2: 

DATABASE 

MODULE  3 

REPORT 

3: 

DATABASE 

MODULE  4 

REPORT 

4: 

DATABASE 

MODULE  5 

ARL/MD  ID  &  MIL  SPEC  ATTRIBUTES 
PLATE  PRODUCTION  HISTORY 

MATERIALS  PROPERTIES 

BALLISTIC  PERFORMANCE 

CHEMICAL  COMPOSITIONS 


For  REPORT  2,  the  database  field  Actual  Plate  Thickness  (ACT 
PLATE  TH)  /  which  is  situated  in  Database  Module  4:  Ballistic 
Performance,  has  been  intentionally  duplicated  only  for  purposes  of 
enhancement.  Database  design  considerations  preclude  the 
duplication  of  any  of  the  fields  comprising  the  database.  This 
consideration  has  been  faithfully  followed. 


The  page  numbering  format  for  each  of  the  four  (4)  reports  is 
PAGE  1  OF  M,  where  N  is  the  maximum  number  of  pages  and  varies  with 
the  size  of  a  report  as  per  TABLE  Al.l. 
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CSTA-ARL/MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE  A  =  ACCEPTANCE 

BALLISTIC  PERFORMANCE  OP  ARMOR  PLATE  MATERIAI^  U  =  DEVELOPMENT 

PROJECTILE:  CAL  0.30  AP  M2  FA  =  FIRST  ARTICLE 

DATABASE  MODULE  4:  BALLISTIC  PERFORMANCE  P  =  PRIMARY  P  =  PASS 
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,  U 

±  M 

>Qg 


W  J  -•  I 

k  BU  mm  •' 


Aia«^ft«eua«a«flufluA»a.AiA«ftoftiAiO«cu(bAoaBi 


•  AoaiaiAia.a.aiflbaia.ft4ft.&Aiftiaiftiaiaii 


^N<S(S«M(S•••-•Nr4^4H<SH(S<S<sn^4NfSN^4««Nf«4NN<S^iM^4MN^4^4CSM(S(S^4(S^4^4^4 


H  « 

^5” ' 

au  I 


r»g909«««efs«^m«^tAmgi«t<4««Of*>g9M999MNeMrs«9t9in««9«i"«emr4te^o 

beddbdbbcidedbdbdbdeodbebeebbebeeecieeeeoecidbcibe 


ssssssssssssssssssssssssssssssssssssssssssssss 


^3  '  5i5222»2JS22S22£2222i522222£25225IS2555£52£2SilS2222 

HZ  I  MMMVSV)pMMMMvivSV)MM!^MMS]MMVSV)V9MMtf)V3MV»V3V)MV9MMV3MV)V)MMMMMV) 


^..MMvM^oooeeeoeoOQOoeoeeeeoeeoooeeoeeooeoooooeo 


o  Q  o  o  e  o 


o  e  e  o  e  e  < 


o  o  o  o  e  < 


^»^’O^<sm^9g**«s*-«n99<N»nr»*g^«*i'O«#'0t**i*  —  fSf^9tA>0P»*9>09r*tP9©'-esp»f^9^ 
^•MMi^9990m(nf^r*r»^«099900^r*>r*>te99**«"""*«««««'«N«'99w%900o^99«e 

MMMM«>«MM5Soo99eoeoeeoeoeoeoeeoeeeeeeoooeoeeoeoe 

SSSSSSSSSSS3SSSSSSSS|SS§SSS38SSS8SSSSSSSS|SSSS 

3333333777777777777777777777777797777779977777 


s«  I 

si  o<  «  ' 

22*  I  a<a>ahia.a>aia.cua<a.o.a.a.a.a,aiaea.aua.a.aiB.a.a.a.a.aua<a.aL.aua.aua.a.a.a<abBL.a.a.aia.a.a. 

<  3  ” 

<«g 


18 


CSTA-ARL/MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE  A  =  ACCEPTANCE 

BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS  D  =  DEVELOPMENT 

PROJECTILE:  CAL  0.30  AP  M2  FA  =  FIRST  ARTICLE 

DATABASE  MODULE  4:  BALLISTIC  PERFORMANCE  P  =  PRIMARY  P  =  PASS 

R  =  RETEST  F  =  FAIL 


a*  ^ 

S3  ^  ^ 
> 


(«  j  — 

0.  a.  _ 


CJ 

>  u 


H 

H  aj  ~ 

up* 

<<  — 

u 

eu 


sJ  ^ 

93  tt] 

O  Q 


s= 

H  Z 


-3  JB  25 
5  o 
?  *  u 

“•  r  B3 

ac 


So 


*0 

oe  u 


03  y 

aiSSz 

SSa; 
<  3  “ 

03  — 

h8S£ 

CO  r  5 

^  3  < 
— 


Q 

2 

< 


«  M 


f-*  'W  CJ  — 


cuaifluA«a(A*aiA4a.fluaiAiAieuftia.Aia.A»a.ftiflbAiaofluQba«a.aiA4A4aiAiaiflbftiftia.aia,ft.o.aia«fti 


NNNr4r4N<sMfiMNMNr4^(s«Mr4M««f4fS«MMrsN(ses4f4f>4csN««*»(M*"rsrsies?S(S(N«-r*ir^«- 


^IM^4^l^lr4M^1^4r4M^4^4^4^4M^«M^4M^iM-«^4^lrS^)^i{S(MM^4NM(S«•r4M^4(Srs|^JCNrsr4•» 

bbebpebbddedddd 


eoooeeeeoei 


oooooeeooe 


< 

&, 


SSSS333SSSSSSSSSiSSSSSSSSSSSSSSS======S5l35SSS 

isSSSSsissl-2SSaSSRSS|53SR?5S5S5gPP22aP5;S2SSS 

sssssssiisiissisiiiiiiiiisiiiiiissiiiisisiliii 


ft*QUflUftoD«ft4A4A«QMft*A*A4ft»ftaflUft(Aift*AoftaflbBUObft«DbkDuO«CUflbflbSMflUQu9b^fl^QbCbAaOUflU 


19 


CSTA-AKL/MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE 
BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIAI^ 
PROJECTILE:  CAL  0.30  AP  M2 

DATABASE  MODULE  S:  CHEMICAL  COMPOSi  nONS 
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CSTA-ARI./MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE 
BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIAIJi 
PROJECTILE:  CAL  0.30  AP  M2 

DATABASE  MODULE  S:  CHEMICAL  COMPOSITIONS 
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BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS 
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DATABASE  MODULE  1:  MTL  ID  *  MIL  SPEC  ATTRIBUTES 
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CSTA-ARUMD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE 
BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIAI^ 
PROJECTILE;  CAL  O.SO  AP  M2 

DATABASE  MODULE  1:  MTL  ID  A  MIL  SPEC  ATTRIBUTES 
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CSTA-ARL/MO  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE 
BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS 
PROJECTILE:  CAL  O.SO  AP  M2 

DATABASE  MODULE  S:  CHEMICAL  COMPOSITIONS 
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PROJECTILE:  14.S  MM  API  B32 
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LLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS 
OJECTILE:  14.S  MM  API  BS4I 

kTABASE  MODULE  1.  MTL  ID  A  MIL  SPEC  ATTRIBUTES 
lTABASE  MODULE  2:  PLATE  PRODUCTION  HISTORY 
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CSTA-ARUMD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE  A  =  ACCEPTANCE 

BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS  D  =  DEVELOPMENT 

PROJECTILE:  U.S  MM  API  BS4I  FA  =  FIRST  ARTICLE 

DATABASE  MODULE  4:  BALLISTIC  PERFORMANCE  F  =  PRIMARY  P  PASS 
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CSTA-ARL/MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE 
BALLISTIC  PERFORMANCE  OP  ARMOR  PLATE  MATERIALS 
PROJECTILE:  I4.S  MM  API  BS4I 
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CSTA-ARL/MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE 
BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS 
PROJECTILE:  I4.S  MM  API  BS4I 

DATABASE  MODULE  S:  CHEMICAL  COMPOSITIONS 
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CSTA-ARL/MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OF  THE 
BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS 
PROJECTILE:  20  MM  API-T  M602 

DATABASE  MODULE  1:  MTL  ID  A  MIL  SPEC  ATTRIBUTES 
DATABASE  MODULE  2:  PLATE  PRODUCTION  HISTORY 
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CSTA-ARL/MD  JOINT  EFFORT  FOR  THE  IMPROVEMENT  OP  THE 
BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS 
PROJECTILE:  20  MM  API-T  M602 
DATABASE  MODULE  3:  MATERIALS  PROPERTIES 
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CSTA-ARL/MO  JOIN  i  KFFORT  FOR  THE  IMPROVEMENT  OF  THE  A  =  ACCEPTANCE 

BALLISTIC  PERFORMANCE  OF  ARMOR  PLATE  MATERIALS  D  =  DEVELOPMENT 

PROJECTILE:  20  MM  API-T  M602  FA  =  FIRST  ARTICLE 

DATABASE  MODULE  4:  BALLISTIC  PERFORMANCE  P  =  PRIMARY  P  =  PASS 

R  =  RETEST  F  =  FAIL 
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